Abstract This paper deals with specific hydrological problems in large and international river basins. It considers the peculiarities of the hydrology of such basins and the consequences for water resources management. Reviewing the anthropogenic impacts and the availability of data, the necessity of international cooperation with the aim of preventive protection of water is stressed.
GENERAL BACKGROUND
Hydrology and water management in large river basins differ in some essential aspects from those in small or medium-sized basins. All activities in larger river basins take place at scales quite different from those for small basins. A survey on scales in hydrology and water resources management is given in Fig. 1 (Becker & Nemec, 1987) . In hydrology and water management, scientific investigations and water resources planning are mainly related to the macro-and mesoscale ranges. From Fig. 1 it can be seen that the macroscale in the understanding of meteorologists starts at 10 6 km 2 . In hydrology it begins at 10 4 km 2 . Normally river basins greater than 10 5 km 2 are considered as large river basins.
On the one side there are technical and scientific peculiarities, and on the other, administrative and political peculiarities in the hydrology and water resources management of large river basins. Technical and scientific peculiarities arise in:
water management activities; impacts of man's activities; hydrological data bases;
•Keynote Lecture, Symposiumon Hydrology for the Water Managementof Large River Basins, XXth General Assembly, IUGG, Vienna, August 1991 Open for discussion until 1 August 1993 the great variety of basin characteristics (eg soil types, land use, morphology, climate conditions); and applied hydrological methods. Administrative and political peculiarities arise from different administrative conditions and from political constraints, which result from the fact that larger river basins are shared by different political units such as provinces and countries. Only in a very few cases are international borders located at the limits of river basins which is why the areas of many river basins are shared by several countries. Flowing waters often cross country borders several times. Frequently, river stretches mark the border between neighbouring states. A so-called international water body is a river, canal, lake, reservoir or aquifer that extends beyond the borders between two or more states or forms the border itself.
Economic development in the various countries that share a river basin may have been quite different in the past. Furthermore, legislative bodies in the countries will have fixed different priorities in the procedures governing planned construction works or in other planning so that in each of the countries of a common river basin different developments have taken place in nearly all spheres of life. Fig. 1 Classification of scales and allocation ofimportant activity areas in hydrology (Becker & Nemec, 1987) .
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WATER MANAGEMENT ACTIVITIES IN LARGE RIVER BASINS
In large river basins nearly all kinds of water management activities take place. Table 1 shows the importance of individual water management activities in basins with different scales. In larger river basins, activities are important which take place along the river. These are: (a) river development activities (dredging, construction of dams and dikes for flood protection, hydropower generation and inland navigation); (b) intake of bank infiltrated water or of surface water for irrigation or industrial uses and for cooling purposes in thermal power generation; (c) diversion of water; and (d) control measures for water pollution (point and diffuse pollution, urbanized or agricultural areas).
IMPACT OF MAN'S ACTIVITIES
In the natural state, water moves in the rivers from the headwaters to the lower courses and finally to the oceans. On its way it is used in different forms for various purposes (water supply, irrigation, wastewater discharge, hydropower generation, navigation). Man has also built structures to protect himself and his property from water (flood protection). All those activities constitute interferences in the natural water balance (FAO, 1973; UNESCO-UNEP, 1990) . Figure 2 gives an example of the influence of river development measures on the flood discharge of the River Rhine where, in the Upper Rhine, 90% of the natural retention volume has been lost by river development measures. Man's activities often entail negative impacts on the environment and thus on the water balance. Such environmental impacts include threats to human health and safety, to flora, fauna, soil, air, water, climate, landscapes and objects of cultural significance, or to other evolved structures, and the interactions between these factors. (Engel, 1977) .
These impacts may occur directly in the areas where the underlying action has been taken. In larger river basins, however, the negative consequences of such interference may manifest themselves only in the lower course of the river.
Transboundary impacts have an influence on the environment of the territory of another state. Their origin, however, is fully or partly on the territory of a second or third country. Such interferences produce impacts on the downstream reaches which, in turn, influence the economy, environment etc. in these regions. This situation makes it necessary for countries sharing a river basin to cooperate and take coordinated action to avoid, as far as possible, negative impacts on downstream states.
Besides direct interference in the water balance by hydraulic engineering projects, there is a whole range of anthropogenic activities which have indirect impacts on the water balance. They include all emissions of pollutants that modify vegetation (eg acid rain), emissions that change the climate (greenhouse gases) and large-scale land use changes. In addition to such large-scale effects, the emissions of pollutants that enter aquatic systems, urbanization, impacts on landscapes such as terracing, agricultural or silvicultural land uses etc. are also found, but the impact of those activities can very seldom be recognized in changes to the hydrological regime of large river basins. Such effects can be identified only in small river basins.
HYDROLOGY IN LARGE RIVER BASINS
As mentioned before, economic and administrative developments in the various countries that share river basins may have been quite different in the past. Furthermore, technical and scientific developments may have also followed different paths. The individual countries may have fixed different priorities for water management. For that reason, the development of hydrological and meteorological observing networks and measuring systems has differed, with the consequences of a lack of compatibility and comparability, i.e. network density and instrumentation are not the same between neighbouring countries. Observing, measuring and data processing practices may also be different. Due to the fact that man was affected by floods, observation of water levels and measuring of discharges started very early, so that for larger rivers longer time series exist. With regards to network density, observation length, quality of data, homogeneity and the availability of data there are differences between small and large river basins (Table 2) . Because of the availability of long time series, statistical methods (time series analysis and extreme statistics) can be applied better on larger rivers.
The hydrology of larger river basins differs fundamentally in some aspects from that of small basins. The variety of landscape forms found in large basins, the diversity of vegetation, land uses, soil types etc. necessitate a different approach. It is not possible to resolve the spatial variety, so different types of models have to be employed. and others. Another classification is possible according to the elements of the water cycle which are included in the model. At present, for larger river basins there are stochastic, flood-routing or conceptual models. In most cases, those models were developed for flood forecasting. The effect of storage of water in the soil is mostly neglected in such models. Figure 3 shows the areas which are covered at present by hydrological models in time and space scales. As can be seen from Fig. 3 , flood forecasting models based on statistical relations and water balance models for long time scales dominate in large river basins. The respective ranges are marked in the Figure. It can be seen that with large time steps (e.g. 30 years) nearly all sizes of basin can be modelled by water balance models. Modelling at small time steps (days) is useful only in very small basins. The great research demand for macroscale models is evident (Becker & Nemec, 1987) .
Most of the present conceptual models are not suitable for solving future problems such as the study of impacts of changes in climate or land use on the regime of larger rivers. Existing precipitation-runoff models based on "black box" procedures are less suitable for such purposes, because they are not sufficiently able to describe regional characteristics such as land use. For such investigations, models with a greater degree of spatial distribution should be used in which, besides precipitation and runoff, evaporation should be given equal consideration. Evaporation influences water resources in the same way as precipitation (Becker & Nemec, 1987; Eagelson, 1982; KlemeS, 1985; McNaughton & Jarvis, 1983) . In addition, such models offer the possibility of coupling with atmospheric circulation models, and, being oriented on grid points, permit an approach that differs from the usual practice in hydrology, which is characterized by treating a river basin as a single unit. For that reason, it is necessary to transfer the runoff data available for river basins to grid surfaces. In regions such as Europe, where a dense network of runoff observation stations exists, that problem is less difficult.
By now there is a large number of models or model concepts at microscale which meet those requirements, e.g. the SHE model (Abbott et al., 1986) , IHDM model (Beven et al., 1987) . Their development demands a great expenditure of time, and the determination of parameters is difficult. Aid is offered by geographical information systems (GIS), which are under development in many countries, or by the inclusion and interpretation of remote sensing data.
Models of that type have so far only been used with success in small to medium-size catchment basins. Of problematic nature is their application in larger river basins or on larger area grids such as the 2.5° grid used by global atmospheric circulation models (GCM), for example. For the macroscale range, only a few attempts have so far been made to develop appropriate models (Solomon et al., 1986) . The reason lies in the fact that problems concerning the processes dominating at the macroscale range, the parameters determining these processes, and the quantification of their parameters, are still far from being solved. The problem of determining the soil and groundwater storage parameters is of particular difficulty. Further research work is urgently needed here.
A practical problem faced by hydrologists when making projections about future water supply conditions concerns the mismatch between the data which are available from climatological models and the input requirements of hydrological and water resource simulation models. Whether the climate data emanate from palaeoclimate sources or from GCMs, it is almost certain that the information available relates to large regional averages and long time period means. Hydrological models are driven by catchment average or point values for relatively short time steps. The process whereby the former is expanded into the latter has been termed the "inverse climate problem" (because it reverses the normal procedure whereby weather data are transformed into climate normals).
Little work has been done on inverse palaeoclimatology; more has been done on interpreting GCM output for inputting to hydrological models. A spectrum of approaches has been considered, ranging from the simplest (rescaling observed time series to a new mean) through to regression-based procedures where statistical relationships are established between data at the point of interest and at GCM grid points or cell averages.
An important point to realize is that such procedures do not represent an information gain. They are essentially mechanical devices to bridge the gap between available and required formats for information. Only climate model improvements can provide genuine advances.
Some scope does already exist for enhanced output from GCMs that typically work in 15 min time steps. Little work has been done hitherto to validate or utilize this source for hydrological purposes. With the aid of such spatially-distributed models it is possible to simulate the runoff process for changed climate conditions by modifying the climatic input data on the basis of scenarios of climate change. However, the parameter records of vegetation, land use, etc., must be adapted to future conditions. KlemeS (1985) points to the fact that simulation models of such investigations must be tested under other climatic and land use conditions before final conclusions concerning impacts of climatic changes can be drawn.
INTERNATIONAL COOPERATION
As mentioned above, many large river basins are shared by several countries. Man began quite early to influence the water cycle in his sphere of living by building certain structures. The construction of the first dams and canals, mainly for irrigation, dates back to ancient times. Human activities in upstream parts of river basins affect downstream sections, which are often located in another country, so a need for cooperation between neighbouring states was recognized early. Nothing is known today about contracts between neighbouring water users in former times. The necessity for agreements regarding international rivers arose only in recent times. Probably the oldest known contract in this respect is the "Mannheim Act" adopted after the Vienna Congress and regulating, for the first time, navigation on the Rhine on the basis of contracts between the riparian states. Later, cooperation also developed in other fields of water management, e.g. in flood forecasting and warning, and later in water pollution control.
International governmental (IGOs) and non-governmental organizations (NGOs) made early efforts for international cooperation on water issues. The International Association of Hydrological Sciences (IAHS), for instance, organized international conferences on topics of hydrology and water management at the beginning of the 1920s. Later on, governmental organizations also realized the necessity for international cooperation and took initiatives to this end. As early as in the mid-1950s, the Commission for Hydrometeorology was established within the World Meteorological Organization (WMO). This later became the Commission for Hydrology (CHy), today a very active body dealing mainly with questions of operational hydrology, which has even created its own programme in this field, the Operational Hydrological Programme (OHP) (WMO, 1987) . Then, in 1965, UNESCO provided the secretariat for the International Hydrological Decade (IHD) which has the aim of promoting hydrology in all member states. This evolved into the International Hydrological Programme (IHP) which is still being implemented under UNESCO's auspices. Both in the IHD and the IHP, international cooperation is given high priority.
All international organizations show a tendency towards decentralization. More and more of them have set up regional offices in the various continents as UNESCO and the World Health Organization (WHO) have done. WMO created regional associations (RAs) at its inception, which also form special working groups for hydrology to solve their problems in this field.
Besides UNESCO's IHP and WMO's OHP, there exist further international programmes with relevance for water issues, such as:
Global Environment Monitoring System (GEMS) of WHO, UNEP, UNESCO and WMO (Meybeck et al., 1989) Global Change Programme (ICSU, 1990; WMO-ICSU, 1990) ; and International Geosphere/Biosphere Programme (IGBP). Most of the above programmes have some relation to the management of large river basins. Within the scope of GEWEX, an international pilot project, the GEWEX Continental Scale International Project (GCIP), will develop a macroscale model for a large river basin, namely the Mississippi. This will be coupled with global atmospheric circulation models (Schaake, 1989) . Its objective is to examine the impacts of climate changes on a large river basin.
An objective of the International Geosphere/Biosphere Programme (IGBP) is to improve the understanding of physical and biological processes taking place at different scales and in different biomes within the atmospheresoil-vegetation system. At the same time, the bases for developing macroscale models are to be improved.
Under GEMS, the quality of water bodies, in particular large watercourses, is monitored (Meybeck et al., 1989) . The measured data are collected and processed at the WHO Collaborating Centre for Surface and Groundwater Quality at the Canada Centre for Inland Waters in Burlington, Ontario.
UNESCO began under the IHD, and continued under the IHP, to collect and publish the discharges of major rivers of the world (UNESCO, 1969 (UNESCO, , 1971 (UNESCO, , 1974 (UNESCO, , 1979 (UNESCO, , 1985 . It is intended that this programme should collect data from all rivers with a mean annual discharge higher than 100 m 3 s"
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. Within the Global Atmospheric Research Project (GARP) of WMO and ICSU, the Global Runoff Data Centre (GRDC) was established under the framework of WCPWater at the Federal Institute of Hydrology at Koblenz, Germany (WMO, 1989) to store the runoff data of most major watercourses. Whoever is interested can receive those data.
WCP-Water encompasses a number of projects which relate to large river basins. The project "Long time series of hydrological data and indices with respect to climate variability and change" analyses the time series using a standard statistical method. Recently a proposal for another project was made. Under the heading "Detecting global and regional runoff trends by monitoring discharges of selected rivers", the discharge data of 50 rivers will be analysed for possible impacts of climate change. It is intended to integrate the project into the "Global Climate Observing System" (GCOS) which was proposed by the Second World Climate Conference and subsequently established by the 11th WMO Congress in June, 1991. Besides international organizations, groups of countries have developed initiatives to form associations to solve certain problems and to established commissions. Furthermore, at regional level, an exchange of knowledge has been encouraged by organizing regular regional conferences.
Special mention should be made here of the conferences on flood forecasting and protection of the countries of the Baltic Sea (Baltic Conferences) that were held regularly in the 1920s and 1930s. A similar series of conferences was also initiated after 1960 in the Danube basin and these are still held every other year under IHP auspices.
The IHD gave rise to the establishment of various hydrological river basin commissions and other forms of regional cooperation. These included, for Europe:
the Commission for the Hydrology of the Rhine Basin (CHR, 1978) ; the cooperation of IHD/IHP National Committees in the Danube river basin (Stancik et al., 1988) ; and the cooperation of IHP National Committees of the Baltic states (Baltic Marine Environment Protection Commission, 1986 ). More international cooperation has been institutionalized over the years. The UNESCO-IHP Project FRIEND (Flow Regimes from International Experimental and Network Data Sets) uniting the central, western, and northern European countries in efforts of regionalization in hydrology (Gustard, et al., 1989) is one example.
INTERNATIONAL RIVER BASIN COMMISSIONS
Today, commissions for cooperation between riparian states exist for most major basins of rivers or lakes (WMO, 1977) for example, for the Danube, Elbe, Mekong, Nile, Niger, Parana, Rhine, Saint Lawrence and Zambezi rivers. Besides, there are many other smaller commissions or forms of bi-and multilateral cooperation on transboundary river or water basins.
Commissions have also been established for many marginal seas for the protection of the marine environment. Those commissions are often even more specialized than those for inland water. They are responsible for special tasks like the control of oil pollution by tankers, reduction of waste dumping in the sea or prevention of waste incineration on the open sea.
Historic developments can explain why, in some international river basins today, several international commissions exist which sometimes cover different fields of interest or are composed of different member countries. In the Rhine basin, for example, there are more than ten international organizations attempting to advance cooperation in the various fields of hydrology and water management (Hommes & Liebscher, 1986) , a development which is a consequence of changing problems and shifting priorities in the course of time. On the one hand, there are commissions that cover water management activities in relation to the main river (navigation, pollution control, water supply, flood prevention) and on the other those dealing only with sub-regions (tributaries, sub-basins).
The first river commissions that emerged tried mainly to regulate navigation and were in fact meant to abolish trade barriers by developing customs regulations or other institutions.
As shown in some examples like the Rhine and the Danube, a separation of the various disciplines of water management in international river basin commissions or cooperations can be advantageous, especially if objectives and political emphases vary. For this reason it should be welcomed that commissions have been formed which are not burdened with political problems and in which scientists can develop common principles for the better management of water resources in a neutral atmosphere. Such commissions with a prevailing orientation have focussed in the past on the following tasks:
compilation of basic information and data on the hydrological regime (monograph); coordination of observing networks; improvement of the exchange of information; and cooperation in forecasting. Water protection commissions are mostly charged with the following duties: development and implementation of observation programmes for water quality monitoring; and actions for the improvement of the conditions of water bodies. In areas where several commissions exist, cooperation between them is beneficial and necessary. Nowadays, associations and agreements between river basin commissions attempt to cover the whole range of water management activities. Whether this is really more advantageous in comparison with the previous approach remains to be seen.
ECE CONVENTION ON THE PROTECTION AND USE OF TRANSBOUNDARY WATERS AND INTERNATIONAL LAKES
The Economic Commission for Europe (ECE) is presently trying to adopt a convention on transboundary waters which would oblige countries to take action on their own territories to prevent or combat transboundary pollution (ECE, 1991) . Furthermore, water resources should be preserved and protected and the release of harmful substances into the aquatic environment should be prevented and monitored. Eutrophication, acidification and pollution of the marine environment, especially in coastal regions, should be avoided as far as possible.
Under the convention being prepared by the ECE, the contracting states should take all appropriate legal, scientific, institutional, economic and financial measures to avoid, combat and mitigate transboundary impacts with the aim of an environmentally sound and rational management of water resources and their protection. The riparian states of certain international watercourses should then implement measures, programmes, and strategies through bilateral or multilateral agreements or other forms of contracts in order to protect those waters and the environment influenced by them and to prevent, limit or mitigate transboundary impacts. Measures for the prevention, control or reduction of water pollution should be taken at the source. To this end, the contracting states should provide material resources to prevent, combat or reduce water pollution from point and diffuse sources. Pollution prevention strategies should be given preference. The contracting states should practise trustful cooperation in order to attain the objectives of the convention. They should support monitoring, research and development programmes through an exchange of information, and grant mutual assistance if requested.
The preventative protection of waters as one element of nature and as a source of a safe water supply should be a central issue in the environmental policy of all countries. Hydrological planning should take account of the interests of neighbouring states, especially those downstream. Larger projects should be planned, analysed, and implemented in joint efforts. The envisaged ECE convention on transboundary waters sets a frame for such bilateral or multilateral agreements.
